Fluorescence molecular tomography (FMT) suffers from inherent ill-posedness due to the vast number of possible solutions to the reconstruction problem. To increase the robustness of such a problem one need prior information. We present here a method for rendering a priori information of the position of a fluorescent inclusion inside turbid media. The method utilizes solely two spectral bands within the fluorescence spectrum emitted from the fluorophore. The method is presented and verified using experimental data from a tissue phantom. The confinement is also used to impose weights onto the voxels before the inversion of the linear set of equations describing the FMT problem.
INTRODUCTION
Fluorescence molecular tomography (FMT) has evolved during the last years to become an important method to image fluorescent markers deep inside biological media. The fluorescent markers attached to specific biological molecules provide means to monitor disease and treatment progression in vivo in small animals 1 . In an FMT setup laser light is delivered onto several positions on the surface of the imaged volume. The excitation light is diffusely propagating into the medium and will induce fluorescence wherever a fluorescent marker is positioned. Following the excitation the fluorophore will almost instantaneously emit fluorescent light, within the characteristic fluorescence spectrum of the fluorophore. The emission propagates through the medium and is collected by a detector placed at the boundary. Application of multiple detectors placed at different locations on the boundary will yield information about the intensity distribution of the light escaping from the tissue surface.
Recent advances within the development of FMT systems have rendered the use of non-contact detection schemes 2 providing the possibility for high resolution fluorophore reconstruction 3 . Using non-contact detection schemes drastically increases the size of the data set used for reconstruction, thus the reconstruction geometry should be optimally defined based on the balance between computational cost and resolution 4 . In addition the tomographic reconstruction is mathematically ill-conditioned yielding multiple non-unique solutions satisfying the recorded signals. Hence there is a need for prior information that demarcates the most probable fluorophore position in order to increase the robustness. To select a feasible reconstruction region a priori information based on MR images in combination with diffuse optical tomography has been reported 5 .
In this proceeding we present a simple method based on solely the fluorescent emission, from a fluorophore, to render prior information about the inclusion position. The method is verified using experimental data retrieved from an optical phantom and a simple FMT system.
MATERIAL AND METHODS

Experimental setup
The experimental setup is schematically depicted in Fig. 1 The excitation light source was delivered onto the phantom boundary at 10 different source positions and the detected light was extracted from the images acquired by the CCD-camera. A total of 31 simulated detectors were extracted from the image equally spaced along the x-axis.
The relative intrinsic emission spectrum of the fluorophore was measured with a spectrometer (OceanOptics, USB4000) for a solution of Rhodamine 6G of low concentration. The emission spectrum was normalized with the maximum intensity and the relative quantum yield for the two imaged spectral bands was γ m1 =1 and γ m2 =0.43.
The autofluorescence of the bulk tissue was measured with no cylinder inside the slab. These measurements were subtracted from the measurements with the inclusion submerged in the phantom. An empirically measured noise level was used to reject too noisy data.
Fluorophore region confinement
It has previously been reported that the intensity ratio of two fluorescence spectral bands is dependent on the fluorescent inclusion position 7 .
In the visible part of the spectrum this is due to the difference in bulk tissue attenuation, mainly influenced by the blood absorption 8 . This is experimentally shown in Fig. 2a-b) where the detected fluorescence emission at the boundary is shown for a fluorescent cylinder placed at two different depths inside the slab. The fluorescence emission intensity at a position r d , induced at a location r, due to an excitation light source in r s can be described by the diffusion approximation to the radiative transport equation 9 , seen in Eq. (1).
where G x and G m denotes the Green's function to the homogeneous diffusion equation for excitation light (x) and fluorescent emission (m) respectively, i.e.
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P 0 is the excitation laser power, v is the speed of light in the medium, η m is the product of the fluorescent quantum yield (γ m ) and the fluorophore absorption coefficient (µ af ). D x,m denotes the diffusion coefficient, adopted from Ripoll et. al.
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, which extends the diffusion approximation to high absorbing media. The diffusion coefficient is
The constant α is approximately 0.5 for the present set of optical properties 10 . The diffusion wave number (k x,m ) is given by 
The probability for inducing a fluorescent photon at wavelength λ m1 or λ m2 , in a location r, is given by the fluorescent quantum yield γ m1 or γ m2 respectively. As previously mentioned the intensity ratio of the two By discretizing the geometry the integral is approximated by a summation and the fluorescent light is effectively the sum of all the voxels within the fluorophore region 9 .
In order to calculate Eq. (6) in all voxels of the geometry the reciprocity theorem is considered 11 . This states that the fluence rate at r d due to a point source in r is effectively the same as the fluence rate in r due to a point source in r d . For Eq. (6) this means u mR (r,r d )= u mR (r d ,r). The calculation of Eq. (6) is depicted for four detectors in Fig. 3 a-d) . Figure 3 a-d) describes modeled intensity ratio inside the geometry. Only the voxels that are within the fluorophore region, i.e. the circle in Fig. 3 a-d) , are contributing to the fluorescent emission. Hence the difference between the forward modeled ratio, given by Eq. (6) and the detected intensity ratio, Eq. (7) should yield a minimum for these voxels. The difference to be minimized is shown in Eq. (8) for detector d and voxel i.
The calculation of Eq. (8) is shown in Fig. 4 for four detectors. It is seen in Fig. 4 that the minima of Eq. (8) occurs at a certain distance from the specific detector. Since the intensity ratio (Eq. (7)) is dependent on the propagation distance all voxels positioned at the same distance from the detector will yield a minimum value of Eq. (8). Fig. 5a ). In order to present a weight matrix of the geometry the summation was inverted and scaled so that the most probable fluorophore voxels were assigned 1 and the least probable voxels were assigned 0. The weight matrix is seen in Fig 5b) . 
Fluorophore position reconstruction using a priori information
In order to assess the performance of the method in a full reconstruction the normalized Born approach 12 was implemented. Here a set of linear equations, based on Eq. (1) can be formed using several source positions and several detector positions. The set of linear equations is then inverted to find η m (r), see Eq.
(1), in every voxel building up the geometry. The set of linear equations is written as a matrix equation, i.e. U nB =WX, where U nB is the ratio between the detected emission light and the transmitted excitation light. X 1.:
is the vector comprised of all unknown η m (r) and W is a weight matrix where each element is given by the forward model, i.e.
where k is the source-detector pair and i is the voxel number.
To incorporate the prior information into the reconstruction each element in the weight matrix W was multiplied with the corresponding voxel-weight retrieved from the confinement, i.e . Fig 5b) . Hence the voxels close to the fluorophore region has high weights while those voxels far from the fluorophore have smaller weights.
The set of linear equations was inverted using the algebraic reconstruction technique (ART) using 1000 iterations 12 . In each iteration run the absolute value of the error between the reconstructed and recorded fluorescence was assessed. Fig 5a) shows the confinement of a single cylinder with inner diameter of 5.6 mm placed at a depth of 11 mm from the incidence plane. The concentration of the Rhodamine-phantom solution was 1 µM. Fig. 6a-b) shows the confinement of the same cylinder, as above, filled with 0.5 µM Rhodamine-phantom solution placed at a depth of 7 mm from the incidence plane. 
RESULTS
Single fluorescent inclusion
Multiple fluorescent inclusions
Two identical cylinders, with an inner diameter of 5.6 mm, were placed at a depth of 9 mm from the incidence plane. The cylinders were filled with 1 µM and 0.5 µM of the Rhodamine-solution. The confinement and weight matrix is shown in Fig 7 a) and b) respectively. 
Reconstructions using prior information
The reconstruction of the two cylinders, presented in Fig 7 a-b) is shown in Fig 8 a-b) . The reconstruction error, for each iteration, for the two reconstructions seen in Fig 8 a-b) is shown in Fig. 9 . 
DISCUSSION
The single cylinder confinements, seen in Fig 5 and 6 , show a minimum for the true fluorophore position. It is seen that an inclusion positioned far from the detector boundary renders a larger confinement. This is mainly due to the decreased number of valid measurements due to longer propagation distance, i.e. more attenuated signals. Hence this effect is more prominent for detectors lying far from the fluorophore. Fig 7a) shows a large confinement covering the region between the two cylinders. The lower cylinder, with the higher concentration, is closer to the minimum than the upper cylinder. The difference in signal strength is the most probable reason for this. The high concentration cylinder position is more accurately confined while the low concentration cylinder position is highly influenced by the fluorescence from the neighboring cylinder.
Despite the unsatisfactory confinement, in Fig. 7a) , the weight matrix, in Fig. 7b ), was used to impose weights on the voxels prior the inversion of the linear set of equations. The reconstructed result shows lower reconstruction error when using the prior weights. These initial results imply that it is feasible to use the prior weights, shown in Fig 7b) . The reconstructions in Fig. 8 a-b) show artifacts around the inclusions but the center position is more accurately assessed with prior information. Looking at Fig 9 this is verified by the faster decrease of the reconstruction error.
The reconstructions presented herein only investigate the use of prior information to estimate the fluorophore position. The influence, of the method, on concentration reconstruction will be investigated in future studies. In the experimental setup used we subtracted autofluorescence from the measurements, something clearly not possible in in vivo imaging. It is of great importance the further investigate the influence of autofluorescence and also heterogeneous media. These studies are to be conducted in a near future.
